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Phantom 
When the dose verification is performed on moving 
phantoms, an average deterioration of the gamma passing 
rates of 20% is observed compared to the verification in static 
phantom. The plans optimized with densities override did not 
show an improved agreement between dose and calculation 
in moving phantom (Figure). 
 
 
Conclusions: The average CT is adequate for planning only as 
a first approximation, as significant interplay effects 
between the target motion and the intensity modulated dose 
delivery exist. The agreement between planned and 
measured dose distribution does not improve when density 
overrides in the ITV and PTV regions are applied. 
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Purpose/Objective: Deformable registrations of medical 
images are becoming widely used for both radiotherapy 
optimization, but also for treatment response evaluation, 
e.g. defining relapses. However, the accuracy of deformable 
image registration (DIR) is rarely validated. The current study 
evaluates the accuracy of the open source deformable 
registration tool elastix when used for registration of 
different organ structures on planning CT and relapse CT 
scans of head and neck patients. 
Materials and Methods: Twenty patients treated with 
definitive IMRT for oral cavity, oropharynx and hypopharynx 
cancer in 2010-2012 were retrospectively and randomly 
included in the study. For each patient a planning CT and a 
diagnostic relapse CT scan were used (CT voxels were 3 mm 
in the cranio-caudal (CC) direction and 1 mm in the in-plane 
directions). 
One observer manually contoured 8 organs (spinal cord, 
mandible, right/left parotid and submandibular glands, 
thyroid gland and vertebrae C3-5) on planning CT (pCT), 
relapse CT (rCT) and re-delineated again on the planning CT 
(reCT).  
The contouring on the relapse CT was mapped to the 
planning CT using elastix (http://elastix.isi.uu.nl/). Spatial 
analysis of the difference in ROI delineation was performed 
by measuring the minimum distance between the two ROI’s 
on each surface point of the original ROI. For each ROI the 
combined uncertainty of DIR and delineation was calculated 
as the standard deviation of the minimum surface distances. 
Organ type specific uncertainties were calculated as Root-
Mean-Square (RMS) of the patient individual standard 
deviations. 
Re-delineation was used as a baseline for the obtainable 
uncertainty. Spearman’s correlation between uncertainties of 
re-delineation and deformed delineation was performed to 
check whether delineation uncertainty influenced the 
outcome of the deformable results.  
Results: Surface plot of the spatial resolved deviation showed 
that the largest deviations where mainly in the CC direction 
(areas where the ROI surface normal primarily is in the CC 
direction) (left submandibular gland as an example, picture). 
RMS values for re-delineation and DIR are shown in table. 
A significant but low correlation exists between the ROI 
uncertainty of individual re-delineation and deformable 
contours (R=0.23, p=0.004). Thus a part of the deformable 
uncertainties are related to uncertainty of the manual ROI 
delineation. Significant correlations within single organs were 
not found. 
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Conclusions: Deformable registration of head and neck CT 
images using elastix resulted in a combined delineation and 
deformation uncertainty of approximately twice the 
uncertainty related to the manual delineation performed on 
one CT. These uncertainties should be considered when using 
image deformations and registrations for clinical and 
research purposes.  
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Purpose/Objective: In an increasing number of patients, 
multiple brain lesions are treated simultaneously using 
stereotactic techniques and dynamic arc irradiation. For 
lesions that are close together, treatment plans can be made 
that use only a single isocenter without compromising plan 
quality, in terms of conformity and DVH parameters, 
compared to multi-isocenter plans. Since every isocenter 
requires its own setup procedure at the linac, a single 
isocenter plan increases treatment efficiency and reduces 
patient discomfort. However, single isocenter plans do not 
allow for separate corrections for relative motion of the 
lesions, for example due to rotations of the head. Moreover, 
the associated placement of the single isocenter in between 
targets introduces sensitivity to residual patient rotations 
after setup. Both effects decrease to robustness of the plan. 
We investigate and quantify this loss of robustness.  
Materials and Methods: For 7 patients the robustness of 
single-fraction treatment plans with 2 mm PTV margins were 
evaluated assuming different distances (in the range 0-10 cm) 
between CTV-centroid and isocenter positions. These plans 
satisfy V100% Dpres = 95% for the PTV, where Dpres is the 
prescribed dose (18 or 24 Gy) and a max dose in the PTV that 
does not exceed 150% Dpres. The positions of the CTVs were 
shifted with respect to the planned dose distribution to 
simulate setup uncertainties due to couch positioning and 
rotations. The simulated shifts were sampled from non-setup 
systematic uncertainties, like for example delineation 
uncertainties, and the positioning uncertainties associated 
with patient setup. Our clinical practice is to take two CBCTs 
prior to the treatment, the first to obtain the position of the 
patient on the table, the second after the couch shift which 
corrects for translations but not for rotations with respect to 
the plan CT. For the simulations we used the SDs of the 
residual translations and rotations measured by the second 
CBCT registration. For the uncertainties not associated with 
setup we use Σ = 0.8 mm SD. The residual setup errors were 
0.5 mm SD for translations and 1.1 dgree SD for rotations 
around the isocenter.  
Results: The maximal separation dmax between the CTV-
centroid and isocenter that lead to a 90% probability that the 
patient receives a dose D99% = 95% Dpres to the CTV was 
determined from the simulations. We obtained dmax=5.0 ± 0.9 
cm. 
Conclusions: The results for this small group of patients 
suggest that with the current clinical margins lesions with 
centroid positions up a maximum of 10 cm apart would result 
in treatment plans that are robust for translational and 
rotational setup uncertainties.  
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Purpose/Objective: Biologically guided radiotherapy needs 
an understanding of how different functional imaging 
techniques interact and link together, and how they can be 
